Objectives: Even though the PWI-DWI (perfusionand diffusion-weighted imaging) mismatch model has been challenged, it remains the major clinical tool and has been proven useful. 1 Serious problems with PWI-DWI mismatch include the delineation of lesions manually (error prone and time consuming), invasiveness and interpretation uncertainty of PWI. A method to determine the existence of salvageable tissues fast and reliably is thus highly desirable and of vital clinical significance, which is our objective. Methods: An image analysis system is developed to automatically determine the existence of salvageable ischemic tissues. It takes the baseline DWI as input and consists of the following steps:
(1) reference ADC ref of normal brain tissues is taken as the most frequent value of apparent diffusion coefficient (ADC); (2) regions with ADC smaller than 0.65*ADC ref are approximated as the infarct regions (IRs) while those with ADC in between [0.65*ADC ref , 0.85*ADC ref ] as the transition regions (TRs); (3) only those TRs neighboring IRs (area > 10 mm 2 ) are kept; (4) the region with the largest area of IR, and the region with the maximum area of the sum of IR and TR, are found; (5) for each region, the areas of the IR and TR are denoted as A IR and A TR , respectively; the radial distance (RD) of the TR is approximated as RD = sqrt ((A IR + A TR )/3.14)Àsqrt(A IR /3.14) (sqrt for square root); ADC gradient of a point is the ADC difference between the maximum within the 8-neighbors and this point's ADC divided by their distance; the expected ADC change in the TR (dADC) is the product of the average of the ADC gradient of all points within the TR and the radial distance RD divided by ADC ref ; (6) if both dADCs are not smaller than 0.18 and at least one is larger than 0.21 with the volume of IR not greater than 100 ml, then this patient has salvageable ischemic tissues.
Results: Thirty-nine patients retrospectively retrieved from Tiantan Hospital (Siemens 3.0 T) in the last 5 years within 6 h of symptom onset without cerebral hemorrhage were tested. The lesions were measured by neurologists to determine the existence of PWI-DWI mismatch (33 with and 6 without mismatch). Taking the PWI-DWI mismatch as gold standard, the image analysis system can yield a sensitivity of 97.0% (32/33) and a specificity of 100% within 1 min on Pentium 4 PC. Figure 1 shows an axial slice of ADC and the detected IR (red) and TR (green). Conclusions: The novelty and main contribution is to judge mismatch based on defining and quantifying spatial distribution instead of the exact volume of ADC within TR. The developed system is now used to test prospective data on both Siemens and GE scanners with encouraging results. It may be used to guide thrombolysis clinically. 55. Pre-symptomatic detection of experimental autoimmune encephalomyelitis using in vivo magnetic resonance imaging of VCAM-1
Currently, Multiple Sclerosis (MS) is diagnosed clinically when contrast-enhancing lesions are visible using MRI, yet this identifies late-stage lesions in which BBB breakdown has occurred. The initial recruitment of leukocytes in MS takes place across an intact, but activated, brain endothelium expressing vascular cell adhesion molecules such as VCAM-1, preceding BBB breakdown. Identification and quantification of VCAM-1, therefore, represents an attractive imaging target to accelerate diagnosis and to guide specific therapy in neurological disease. We have previously demonstrated that an anti-VCAM-1 antibody conjugated to 1 mm microparticles of iron oxide (MPIO) enables detection of VCAM-1 expression in vivo using MRI, with high specificity and exceptional conspicuity following the unilateral injection of Interleukin-1b into the brain. In this study, using a relapsing-remitting EAE mouse model of MS, we show the expression of VCAM-1 in presymptomatic EAE mice, at a time when pathology is otherwise undetectable. In particular, we show the accumulation of anti-VCAM-1-MPIO in EAE lesions of the brain stem and cerebellum in the absence of gadolinium enhancement, indicating that endothelial VCAM-1 expression can be identified in lesions prior to BBB breakdown. We report that the expression of VCAM-1 significantly increases with the progression of disease as well as with increasing disability. Our findings demonstrate that our novel contrast agent reveals pathology previously inaccessible to conventional, clinically-used MRI techniques, raising the possibility of early diagnosis of MS and targeting treatment to patients with elevated VCAM-1 expression. Objectives: Functional organization in cerebral cortex, for example the somatotopy in primary somatosensory cortex, is well revealed by non-invasive measurements of blood oxygenation (BOLD) using functional MRI. 1 However, a corresponding anatomical organization is rarely shown in structural MRI, where cortical gray matter usually appears homogeneous. We hypothesize that high-resolution T 1 maps acquired by structural MRI can show heterogeneity within gray matter, because T 1 contrast in brain often arises from myelin concentration differences, and a heterogeneous myelin distribution within gray matter (myeloarchitecture) is shown by postmortem histology. 2 We further test the hypothesis that the T 1 heterogeneity within cortical gray matter matches the functional organization mapped by BOLD, thus providing an anatomical substrate that corroborates the functional mapping. Methods: Three common marmosets were anesthetized by propofol and positioned into a 7 Tesla MRI scanner. For T 1 mapping, inversion-recovery (IR) was added to a conventional multi-slice echo-planar imaging (EPI) sequence (field-of-view: 31.8 Â 21.0 mm, in-plane resolution: 0.3 Â 0.3 mm, thickness: 0.5 mm, TE/TR: 21/11000 ms). Data under 18 IR time values (sampled from 60 to 9859 ms with geometric factor 1.35) were fitted to a three-parameter, single-exponential T1-recovery function. 3 A T 1 map of 20 slices was acquired in 10 mins. For functional mapping, BOLD response was measured using the same EPI sequence, but with shorter TR (667 ms) and no IR. Stimuli were electrical stimulation of peripheral nerves in either arm or foot, delivered in periodic repeats of epochs (2.5 mA 0.4 ms pulses at 40 Hz, each epoch 8/32 secs on/off). The T 1 and BOLD measurements were in good coregistration as they had identical EPI-related geometric distortions.
Structural
Results: Within the gray matter of dorsolateral cortex, the primary somatosensory cortex (SI) had significantly low T 1 (B1700 ms) whereas the cingulate cortex (medial to SI) and the secondary somatosensory cortex (lateral to SI) had high T 1 (B1850 ms). Furthermore, a fine structure was identified within SI. A band running lateral to medial had the smallest T 1 (B1650 ms), and this band was interrupted at least two gaps with higher T 1 (B1700 ms). Func-tional MRI showed two clusters of stimulus-evoked BOLD responses within SI. The relatively medial cluster was driven by stimulation to the foot, and the relatively lateral driven by stimulation to the arm. Both clusters centered at the smallest-T 1 band, and were separated by a gap with higher T 1 .
Conclusions:
The non-invasively acquired T 1 map is in line with known cortical myeloarchitecture. SI, especially area 3b, has high concentration of myelin, and the major body subareas (foot, hand, etc.) in area 3b are separated by several gaps with low myelin concentration. 2 Correspondingly, we found that a high-T 1 (low-myelin) gap separates the two low-T 1 (high-myelin) regions that are responsive to foot and arm, respectively, in BOLD imaging. Thus the somatotopy (foot versus arm) may be reflected by structures in T 1 map within SI.
Objectives: Understanding the spatiotemporal features of the hemodynamic response (HDR) to functional brain stimulation is essential to the proper application of fMRI to study brain function. Previously, we showed that the BOLD-, CBF-, and CBV-HDR to a single electrical pulse can be robustly detected in a-chloralose anesthetized rats (Hirano et al, ISMRM 2008), and that both spatial and temporal characteristics of such responses are fine enough to resolve the heterogeneity of fMRI amplitudes, onset times, and time-to-peak across the cortical layers.
Here, we extend the work to investigate the spatial and temporal evolution of the BOLD-and CBV-HDR in awake nonhuman primates. Methods: Adult male common marmosets were implanted head posts in the skull and secured to a head holder. fMRI experiments were performed at 7T by GRE-EPI with following parameters: TE/TR = 13/250 ms, acquisition bandwidth 200 kHz, nominal resolution = 400 Â 400 Â 2000 mm 3 . To measure the HDR to somatosensory stimulation, a pair of contact electrodes was secured across each wrist and bilateral electrical stimulation (333 ms pulses, 2 mA amplitude, 64 Hz) was performed synchronized with the scanner.
The stimuli consisted of individual epochs containing 1 or 256 electrical pulses (333 ms or 4-secs stimulus lengths), respectively, repeated 128 times or 16 times. Before commencing the CBV-HDR, a maximum dose of 30 mg/kg of 30 nm iron oxide particles (MION) were injected intravenously to the animal. Results: Robust BOLD-and CBV-HDRs were obtained in the primary and secondary somatosensory cortex (S1 and S2) before and after 20 and 30 mg/kg MION injection at 4-sees stimulus (Figure) . The amplitude increased (31% and 44% increased at 30 mg/kg than 20 mg/kg in S1 and S2 respectively) with MION dosage. At 10 mg/kg MION and less, CBV-HDRs showed nonspecific responses and poor separability between S1 and S2 (data not shown). We concluded that 30 mg/kg of MION is a more appropriate dose to investigate spatiotemporal characteristics of the fMRI response. Using 30 mg/kg MION, we then proceeded to compare the CBV impulse response function (IRF) with previously acquired BOLD IRFs (data not shown). Both the BOLD and the CBV-IRF from S2 had stronger amplitude than the one from S1, in agreement with the notion that high order cortical processing is dominant in primates.
We are currently analyzing the temporal features of the BOLD and CBV IRF in the marmosets. Conclusion: Robust CBV-HDR in S1 and S2 was observed after 30 mg/kg MION injection in awake marmoset. The refinement of this study will allow for a better understanding of the mechanisms of neurovascular coupling in unanesthetized primates and facilitate the applicability of animal fMRI studies to the investigation of human brain function.
204. Combining electrophysiology with fMRI to investigate neuropharmacological modulation of brain function in the rat Background and aims: Functional brain imaging methods which exploit the neurovascular coupling of neuronal activity to changes in haemodynamics are increasingly applied to study the functional effects of neuropharmacological agents in both human and animal subjects. A problem is that neuroimaging signals such as the blood oxygen level dependent (BOLD) functional magnetic resonance imaging (fMRI) signal may be subject to multiple neuronal, neurovascular, haemodynamic and systemic effects of the drug under investigation. To address this, our understanding of the neurophysiological basis of functional imaging signals must be expanded to include the effects of altered neurotransmitter function (e.g. by experiment, clinical trial or disease) and differences across neuro-pharmacologically diverse cortical and subcortical structures. An effective approach for establishing relationships between fMRI responses and underlying neuronal activity is one in which both of these signals are measured concurrently. Achieving this within the MR environment is difficult due to distortion of electrophysiological signals by rapidly changing magnetic gradient fields. Here, we report the development of methodology for concurrent acquisition of fMRI and electrophysiological measures of neuronal activity in the rat. We use this method to investigate the effects of the serotonin releasing agent, fenfluramine, on both baselines and stimulus evoked responses.
Methods: Animals were anaesthetized with isoflurane, tracheotomised for artificial ventilation and cannulated for administration of drugs and monitoring of physiological parameters. Electrodes were constructed from carbon fibre bundles (diameter B50 microns) and inserted into the hindpaw sensorimotor cortex. Stimulating electrodes were inserted into the contralateral hindpaw. Imaging was performed on a 7-Tesla horizontal bore magnet. Anatomical scans to cover the whole brain were acquired using a T2-weighted fast spin-echo sequence (field of view 30 Â 30 mm, matrix size 128 Â 128, slice thickness 0.5 mm). Functional data were acquired using T 2 *-weighted multi-echo gradient-echo sequences (effective TE 12 ms, field of view 30 Â 30 mm, matrix size 128 Â 64, slice thickness 0.5 mm). Fenfluramine (10 mg/Kg) was injected intravenously after a period of baseline data acquisition. Analysis procedures to remove the MR artefacts from the data included an adaptive template-based artefact removal procedure and band-pass filtering.
Results and conclusions:
We demonstrate that electrophysiological measures of both baseline and stimulation-evoked neuronal activity can be obtained concurrently with fMRI data acquisition. Fenfluramine administration produced simultaneous decreases in the BOLD fMRI signal ( Figure  A ) and in EEG power fluctuations ( Figure B ). Neuronal responses to hindpaw stimulation could be easily extracted from the data following processing to remove MR gradient artefacts ( Figure C : redbefore processing, blue-after processing). Neuronal responses were also transiently attenuated by fenfluramine administration ( Figure D ). These 325. Functional magnetic resonance imaging in un-anaesthetized rats using a chronically implanted surface coil to be repeatedly conducted in trained, restrained, un-anaesthetized rats. Chronic implantation of the surface coil and accurate repeated positioning of the subject in the scanner bore enabled acquisition of imaging data to commence within minutes of securing the animal. Using this methodology we have successfully recorded both local (whisker stimulation) and global (using hypercapnia) functional
Figure
imaging responses in fully conscious animals over a period of several weeks. Methods: Animals were gradually acclimatised to the noise of the scanner and increasing periods of restraint in a body harness for periods of up to 1 h over a 3 week period prior to surgical preparation. Animals were then anaesthetized and a 15 mm diameter surface transmit/receive coil (in-house design) was secured to the skull using plastic screws and cyanoacrylate. A cylindrical chamber protruded from the top of the coil and provided a means to secure the head during imaging. To enable electrical stimulation Teflon-coated tungsten microwires were implanted subcutaneously in the whisker pad and electrical connectors were positioned on the top of the head. Animals were allowed to recover for 72 h prior to any imaging experiments. The apparatus is shown in Figure A . Functional data were acquired from suitable coronal and oblique slices using a single shot MBEST Gradient Echo-Echo Planar Imaging sequence (B0 = 7, data matrix = 64*64, FOV = 30 mm, slice thickness = 1 mm, TR/TE = 1000/ 12 ms, flip angle 901). Stimuli consisted of 0.4 mA, 2 s, 40 Hz bursts (0.3 ms pulse width) and hypercapnia consisted of increasing the CO 2 concentration in inspired air (by means of directed air flow) to 5% for 1 min. The BOLD signal was calculated as fractional change normalized by the mean of the one minute preliminary baseline signal. Results and conclusions: We were able to successfully record BOLD fMRI responses to hypercapnia and whisker stimulation in awake rats. Hypercapnia produced large and rapid rises in BOLD signal amplitude ( Figure B ). Electrical stimulation of the whisker pad produced a reliable B7% increase in BOLD signal in the corresponding barrel cortex ( Figure C ). Interestingly, responses to both hypercapnia and stimulation displayed faster temporal dynamics than have been reported previously in studies using anaesthetized animals. This methodology leaves the face and limbs free from obstruction, making possible a range of behavioural or sensory stimulation protocols. Further development of this animal model could enable traditional behavioural neuroscience techniques to be combined with modern functional neuroimaging. Background and aims: Striatal dopaminergic denervation is an important characteristic of Parkinson disease (PD). The damage is often evaluated by post-mortem immunohistochemistry (IHC), which in situ localizes the dopaminergic innervations in the brain tissues. Nevertheless, post-mortem techniques can not be applied to living organisms. To propose an approach that detects the structural details of dopaminergic denervation of PD in vivo and in situ, the cerebral blood volume (CBV)weighted fMRI facilitated by the increased relaxivity with iron oxide nanoparticles (IRON) technique was employed. The CBV method is proposed for the following reasons. First, dopamine is a vasoactive neurotransmitter. Second, CBV responses can be a reflection of dopaminergic neurotransmission. 1, 2 Since the resolution of the CBV images achieves the level of a pixel size of tens of microns, the CBVweighted fMRI may be applicable in mapping striatal dopaminergic denervation in vivo and in situ in PD. Methods: The Parkinsonian rats were lesioned ipsilaterally by infusing 6-OHDA into the right substantia nigra. A paradigm that activates the endogenous dopaminergic neurotransmissionthe, the nociceptive stimulation, was employed to induce the vasoactivity in the striatum so as to be detected by CBV-weighted fMRI. 2 Superparamagnetic iron oxide nanoparticles as a contrast agent were administered via the femoral vein at a dose of 30 mg Fe/kg. fMRI images were then captured using a 4.7-T Bruker Biospec spectrometer. Images were acquired using a FLASH sequence with a repetition time of 150 ms, echo time of 20 ms, field of view of 2.56 by 2.56 cm 2 , slice thickness of 1.5 mm, number of excitation of 1, acquisition matrix of 128 by 64 (zero-filled to 128 by 128), and temporal resolution of 9.6 secs. Images were analyzed using a custom-built ISPMER data processing system. Results: It was found that the intact striatum retained an integral CBV response whereas the lesioned straitum exhibited no CBV reactions in the denervation sites yet remaining responses in the residual dopaminergic fibers. The results indicate that CBV weighted fMRI detects the dopaminergic fiber lesion in PD with the acuity to differentiate the denervation from the spared innervations. Conclusions: The preclinical findings strongly support the applicability of the CBV weighted fMRI as an in vivo and in situ mapping tool to evaluate the striatal dopaminergic denervation in PD. Objectives: Glutamine synthetase is a critical step in the glutamate-glutamine cycle, the major mechanism of glutamate neurotransmission and is implicated in the mechanism of ammonia toxicity. 15 N MRS is an alternative approach to 13 C MRS in studying glutamate-glutamine metabolism. 15 N MRS studies allow to measure an apparent glutamine synthesis rate (Vsyn) which reflects a combination of the glutamate-glutamine cycle activity (Vnt) and net glutamine accumulation. The net glutamine synthesis (Vsyn-Vnt) can be directly measured from 1 H NMR. Therefore, the aim of this study was to perform in vivo localized 1 H MRS interleaved with 15 N MRS to directly measure the net glutamine synthesis rate and the apparent glutamine synthesis rate under 15 N labeled ammonia infusion in the rat brain, respectively. Methods: 1 H and 15 N MRS data were acquired interleaved on a 9.4T system (Varian/Magnex Scientific) using 5 rats. 15 NH 4 Cl solution was infused continuously into the femoral vein for up to 10 h (4.5 mmol/h/kg). 1 The plasma ammonia concentration was increased to 0.95 ± 0.08 mmol/L (Analox GM7 analyzer). 1 H spectra were acquired and quantified as described previously. 2 15 N unlocalized and localized spectra were acquired using the SIRENE sequence; 3 and quantified using AMARES and an external reference method. 4 The metabolic model used to analyze the total Gln and 5-15 N labeled Gln time courses is shown on Figure 1A . Results: Glutamine concentration increased from 2.5 ± 0.3 to 15 ± 3.3 mmol/kg whereas the total glutamate concentrations remained unchanged ( Figure 1B) . The linear fit of the time-evolution of the total Gln from the 1 H spectra gave the net synthesis flux (Vsyn-Vnt), which was 0.021 ± 0.006 mmol/min per g ( Figure 1D ). The 5-15 N Gln peak (À271 ppm) was visible in the first and all subsequent scans, whereas the 2-15 N Gln/Glu peak (À342 ppm) appeared after B1.5 h ( Figure 1C ). From the in vivo 5-15 N Gln time course, Vsyn = 0.29 ± 0.1 mmol/min per g and a plasma NH 3 fractional enrichment of 71%±6% were calculated. Vnt was 0.26±0.1 mmol/min/g, obtained assuming a negligible Gln efflux. 5 Vsyn and Vnt were within the range of 13 C NMR measurements. 6 Conclusion: The combination of 1 H and 15 N NMR allowed for the first time a direct and localized measurement of Vnt and apparent glutamine synthesis rate. Vnt is approximately one order of magnitude faster than the net glutamine accumulation. Objectives: Recently, low frequency vascular fluctuations during rest and functional connectivity analyses of fMRI have been introduced as one of the potential methods to effectively assess brain dynamics. 1 However, most of resting state fMRI connectivity studies has been limited to the investigation of MRI signal changes based on blood oxygen level-dependence (BOLD). Since BOLD is an indirect signal based on the mixture of multiple physiologic parameters, we hypothesize that understanding underlying vascular parameter is important and perhaps more informative for displaying direct brain dynamics. In the current study, we specifically compared BOLD resting state fMRI fluctuations with CBV signals using partial direct coherence (PDC) analyses. Methods: Three normal healthy Sprague-Dawley rats (B300 g) were used for the BOLD and CBV acquisition (Gradient Echo Planar Imaging: TR/TE = 1000/ 12.89 ms; FOV = 2.5*2.5 cm 2 ; five contiguous 1 mm slices; Recording time = 10 mins). ROIs were placed over the regions as motor cortex (M1 & M2), primary sensory areas (S1fl), secondary somatosensory cortex (S2), caudate putamen (CPu) and thalamus area (TA). Each ROI time course was detrended to the second order and bandpass-filtered between 0.01 and 0.3 Hz. Functional connectivity between ROIs in both BOLD and CBV were calculated by partial directed coherence (PDC). Results: Figure 1 shows distribution tables of average PDC values, average area under the curve between 0.01 and 0.3 Hz in frequency domains. Both BOLD and CBV show similar functional influences from M1&M2 to TA and from CPu to TA. The directional BOLD interactions among M1&M2, S1fl and S2 and the functional pathways from CPu to M1&M2, S1fl and S2 were different from those found in CBV. Specifically, we found directional causality from M1&M2 to S2 and from CPu to S2 in CBV. Within significant PDC pathways (e.g., from M1/M2, CPu to TA: Figure 1 ), the PDC spectra across frequency displayed similar patterns between BOLD and CBV, in which distinctive frequency peaks appeared near both 0.12 and 0.24 Hz in both BOLD and CBV time courses (Figure 2) . Conclusions: Even though both BOLD and CBV seem to have similar frequency bands responsible for communicating between the brain regions, two methods reveal different causality networks, especially in M1&M2-and CPu-related areas. To support our PDC results, we also applied the Grangercausality analysis method to our data. The Grangercausality results were variable according to the autoregressive model order; however, the directional functional connectivities between ROIs were similar to our PDC results in most cases. We speculate that the differences between BOLD and CBV might be caused by metabolic efficiency difference in resting states or the baseline vascular conditions. The findings warrant future studies for understanding the relationship between underlying vascular parameter and blood oxygen level-dependence in functional connectivity analysis. Introduction: Digitized image acquisition and analysis enables precise localization of regional variations of brain responses to injury and treatments. Only a few studies, however, have reported results employing such techniques in experimental stroke. 1, 2 In this study, generalized estimating equations (GEE) analysis was applied to data on bloodbrain barrier (BBB) damage obtained from a rat model of transient cerebral ischemia by employing magnetic resonance imaging (MRI) with two contrast agents of different sizes. Methods: Male Wistar rats (B300 g; n = 6) were subjected to focal cerebral ischemia using suture occlusion of the right middle cerebral artery for 3 h followed by reperfusion via suture withdrawal. Contrast agents, gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA; B0.6 kDa) and Gd-DTPA linked to bovine serum albumin (Gd-BSA; 68 kDa) were synthesized. Status of the BBB at 21 h of reperfusion was assessed first by Gd-DTPA-MRI and then by Gd-BSA-MRI in a 7 Tesla magnet. Offline image processing was performed to localize contrast enhancing areas and construct maps of blood-to-brain influx constant (K i ) using Patlak plots. 1 The mean K i values from these maps were used to perform correlation analysis of the vascular permeability measured by MRI for the two contrast agents. Finally, the entire set of pixel-by-pixel correlations in all ROIs were analyzed by a generalized estimating equation (GEE) technique, 3,4 using the R software package geepack. 4 Results: The larger contrast agent Gd-BSA enhanced to a smaller extent than the smaller Gd-DTPA, but was contained within the latter region. It was assumed, therefore, that regions with Gd-BSA enhancement represented areas of common enhancement for both agents and were chosen as regions of interest (ROI) for further analysis. The comparison of mean values of Gd-DTPA with Gd-BSA from such ROI yielded a correlation of R = 0.36 with P < 0.40). In contrast, the GEE analysis performed on the longitudinal data associated with 6 clusters corresponding to the 6 ROIs chosen yielded a correlation of R = 0.32 with P < 0.002. Conclusion: The simple mean comparison indicated that the K i values were poorly and insignificantly correlated. The GEE analysis, however, showed that despite the poor correlation between the means, there was a significant relationship between the two measures. Thus, it may be possible to investigate the distribution of vascular pore sizes via the slope of the relationship between the transport constants of the two different-sized contrast agents, rather than via their mean values alone. Grant support: Supported by NIH 1RO1NS38540, 1RO1HL70023 and AHA 0270176N, 0635403N.
Mapping dopaminergic denervation in parkinson disease
The application of residue analysis for quantification of the haemodynamic parameters flow, volume and mean transit time for perfusion CT/MR is well established. This technique requires the use of deconvolution of the acquired dynamic data to estimate the residue function (R) which by definition takes a positive and monotone decreasing shape. Reconstruction of R provides estimates of each parameter. In the case of MRI, the raw signal intensity is well approximated by Rician statistics. The standard approach to estimation involves logarithmic transformation and deconvolution by truncated singular value decomposition. At low signal to noise this approach may not be efficient. A maximum likelihood deconvolution method involving an iterative reweighted non-linear least squares algorithm incorporating residue function constraints has been developed. Simulation studies are presented to evaluate improvements in parameter estimates achieved by this approach relative to the standard deconvolution method. The results show that over a range of realistic signal to noise values, significant improvements in estimation accuracy are achieved (10% to 20% in flow and mean transit time). The method is applied to perfusion MRI data and smoothed parametric maps based on arterial input selected by shape driven segmentation are presented.
Supported Objectives: The use of functional magnetic resonance imaging (fMRI) in both basic and clinical neuroscience is rapidly expanding. However, although advances have been made in correlating fMRI responses with the underlying neuronal activity, the fact remains that this technique does not directly measure neuronal activity but associated haemodynamic (and metabolic) events. Moreover, a constant relationship between neuronal, haemodynamic and metabolic processes across different brain regions is frequently assumed, despite substantial differences in neuronal architecture. Only by fully understanding the relationship between these parameters will we be able to fully utilise functional neuroimaging. Therefore, we must find a way of correlating fMRI data, which largely reflects the haemodynamic component, with neural and/or metabolic information. Long-term in-vivo electrochemistry (LIVE) enables real-time measurement of brain metabolites. 1 Objectives: Using a recently described animal model for fMRI 1 that has potential for longitudinal studies, we investigated the feasibility of using a commercial MRI contrast agent to detect neuronal activation. We show that neuronal activation can not only be easily detected using our method, but that information about the hemodynamic response can be gleaned over and above that provided by blood-oxygen leveldependent (BOLD) fMRI. Methods: MRI Images of rat primary somatosensory cortex were obtained using a 7Tesla Bruker BioSpin scanner with purpose-built transmit and receive coils. T1-weighted images of the coronal slice of interest were acquired using a fast gradient echo sequence (echo time 3.5 ms, repetition time 11.0 ms, matrix 64 Â 64, 1 average, 120 repetitions, acquisition time 60 secs). Male Wistar rats (n = 4) were placed in the scanner under sedation with a continuous subcutaneous infusion of medetomidine 1 and electrically stimulated using 5 ms duration, 5 Hz, 3 V pulses via electrodes connected to the forepaw, enabling unilateral stimulation of the associated cortical area. Shortly after initiation of stimulation and during acquisition of images, a bolus of meglumine gadopentate was injected via a tail-vein. The resulting images were evaluated using a software script in IDL language, and bolus transit curves calculated for the active and contralateral regions. Results: The temporal activation pattern of select primary somatosensory cortical neurons was clearly visible on subtraction maps (see Figure) , and regions of activation selected from these maps showed a significant difference in both signal amplitude and time-to-peak of bolus arrival between activated and contralateral regions (P < 0.01, Student's t-test). Second moment is also significantly (P < 0.05) greater in the activated region. The outcome of analysis and deconvolution of the signal in the activated region with respect to contralateral control regions will be shown. Time evolution of neuronal activation of rat somatosensory cortex; subtraction images from images acquired 500 ms apart. Discussion: First moments of drug passage are generally thought to reflect mean transit time (MTT) through the entire vasculature, whilst the second moment has been hypothesized to represent micro-vascular topology 2 and this has been applied to other animal models to determine microflow heterogeneity. 3 Our results show that the activation response causes a measurable increase in both flow rate and heterogeneity, which can be characterized further due to the fine temporal resolution of our method. The method shows promise for longitudinal studies in which changes in activation response could be repeatedly sampled over time. In conclusion, we present a novel method for both visualizing neuronal activation and quantifying the associated vascular response. Objectives: Anesthetized animal studies are valuable for many experimental situations and settings including high resolution fMRI, electrophysiology and optical imaging. Different anesthetics have diverse effects on systems responsible for arousal and conscious states, and the design of such studies may be affected by the profound metabolic and electrical effects of using different anesthetics. Recently, domitor (a 2 -adrenergic agonist) has been studied as a potential anesthetic for longitudinal studies in rodents. a-chloralose and domitor have different powers in the g band range of neural activity, which presumably reflect different arousal states. Therefore, we were interested in comparing the functional responses obtained under domitor and a-chloralose anesthesia during sensory stimulation in rodents. Methods: Sprague-Dawley rats were tracheotomized and artificially ventilated (70% N 2 O, 30% O 2 ). During the animal preparation isoflorane (2% to 3%) was used for induction. Intraperitoneal lines were inserted for administration of a-chloralose (46 ± 4 mg/kg per h) or domitor (0.1 mg/kg per h) and D-tubocurarine chloride (1 mg/kg per h). Forepaw stimulation was achieved by insertion of thin needle copper electrodes under the skin of the forepaw. Electrical stimulation consisted of 0.3 ms square wave pulses provided with a stimulus isolation unit (World Precession Instruments, FL, and USA). Variation of functional response was achieved by varying the frequency (1 to 24 Hz) of the stimulus. The stimulus was controlled with a computer by custom written scripts with a 30 secs off 30 secs on block design. All fMRI data were obtained on a modified 11.7T Bruker horizontal-bore spectrometer (Billerica, MA) using a 1 H resonator/surface coil RF probe. LFP and MUA were recorded extracellularly in layer 4 of the rat somatosensory cortex. Results: We evaluated forepaw stimulation-induced activity patterns in the rat somatosensory area. Electrical stimulation (2 mA) of the forepaw with 0.3 ms duration pulses for 30 secs evoked a strong positive BOLD signal change in the contralateral primary somatosensory area of the forelimb (S1 FL ) under both anesthetics with stimulus frequency above 1 Hz. We found frequency tuning response curves for a-chloralose and domitor where the BOLD and CBV responses peaked at 3 Hz for chloralose and 9 Hz for domitor. There were significant differences in the amplitude and shape of the BOLD and CBV response curves under domitor as compared to achloralose (3 Hz) and (9 Hz). The reproducibility of responses from inter and intra subjects was better with a-chloralose as compared to domitor. Baseline multiunit (MUA) and local field potential (LFP) recordings from S1 FL regions under a-chloralose and domitor showed different power in the g band range of neural activity, which presumably reflects different arousal states. There is a dramatic difference in the power of the g band range of neural activity in the cortex, where activity/energy is significantly higher in the domitor state. Conclusion: Differences in baseline spontaneous neuronal activity may be responsible for differential response magnitudes in BOLD and CBV under these two anesthetics. These results will benefit interpretation of fMRI experiments in anesthetized rodents as well as the understanding of brain function. Achnowledgements: Supported by grants from National Institutes of Health (R01 MH-067528, R01 DC-003710, P30 NS-52519). Objectives: The calibrated fMRI technique can be used to extract oxygen consumption (CMR O2 ) from BOLD signal using multi-modal measurements of blood flow (CBF) and volume (CBV). 1, 2 This model based approach describes tissue oxygen extraction at steady-state. 3, 4 It is not clear how the cortical localization of the measurements can modify the calibration procedure since the neuronal and vascular microstructure is not homogenous across the cortex. How are the neural signals connected to the functional BOLD responses in different layers of the cortex? We described the BOLD transfer functions in the upper, middle and lower cortical layers with convolution analysis. The same experimental model was used in two groups of rats to measure the fMRI-BOLD signals and the conjunctive neural responses. Methods: Sprague-Dawley rats were anesthetized with Halothane or Isoflurane which switched to i.p. a-chloralose after the surgery. Forepaw stimulation: Each stimulus train lasted 30 s with 3 Hz frequency, 2 mA in amplitude and 0.3 ms in duration. BOLD (n = 7): All gradient echo EPI fMRI data were obtained on a modified 11.74T Bruker horizontal-bore spectrometer (Billerica, MA) using a 1 H resonator/surface coil RF probe. Electrophysiology (n = 31) In the second group of animals microelectrodes were inserted step-by-step into three different depths of the cortex (upper, lower and middle part; 0.3, 1, and 1.5 mm, respectively) with stereotaxic manipulator. Local field potentials (LFP) were obtained applying low pass filter ( < 150 Hz) to the raw time series. Transfer function: The transfer function between the LFP and the BOLD signal was modeled by the gamma variate function. 5 The input function was defined as the average of the LFP series, where the individual events were normalized to the largest evoked potential (first evoked potential in the middle layer). Results: The BOLD signal has the largest response in the upper layer and decreases toward the deeper cortical layers. The LFP signal is the most explicit in the middle layer and the smallest in the lower layer. The amplitude of transfer function follows the amplitude of the functional BOLD response. The normalized signals show very good correlation between the layers. The correlations between the electrical signals are very good because of the high number data point and similar pattern of the signals. BOLD signals show the best correlation between the upper and middle layers, while in the lower layer there is a small hysteresis in the correlation. Similarly the transfer functions of the upper and middle layers are well correlated. Conclusion: Despite the differences in amplitudes, the normalized responses of the upper and middle layers are interchangeable for CMR O2 calculation. On the other hand, the lower layer of the cortex needs separate calibration.
fMRI and electrophysiological studies with a-chloralose and domitor anesthesia

BOLD impulse responses across cortical layers: implications for CMR O2
This work was supported by grants from NIH (R01 MH-067528, R01 DC-003710, P30 NS-52519).
Objectives: Quantitative mapping of changes in CMR O2 with calibrated fMRI 1 is proportional to changes in energy consumption of neuronal activities induced by different type of stimulations. 2 The calibrated fMRI is based on a tissue oxygen extraction model. 3, 4 This model includes measured or modeled hemodynamic parameters (CBV, CBF), and their responses are different in different areas of the cortex. If these responses will differ only because of the different neural responses, than the same CMR O2 calibration can be used through different cortical areas. We measured BOLD and LFP signals in the forelimb and the whisker barrel cortex and calculated the impulse response functions with convolution analysis between these modalities. We assume the transfer function can linearly convert the electrical activity to the colocalized BOLD response, therefore similar transfer functions can establish the same CMR O2 calibration. Methods: Sprague-Dawley rats were artificially ventilated. The anesthesia was switched to i.p. a-chloralose from Halothane or Isoflurane after the surgery. Stimulation: Electrical forepaw stimulus trains used 2 mA in amplitude, with 3 Hz frequency, and 0.3 ms in duration. For whisker stimulation we used air-puffs through a solenoid controlled plastic tube 5 with 8 Hz of stimulus frequency. All stimulus presentation lasted 30 secs. BOLD (n = 13): All gradient echo EPI fMRI data were obtained on a modified 11.74T Bruker horizontal-bore spectrometer (Billerica, MA) using a 1 H resonator/ surface coil RF probe. Electrophysiology (n = 33): Microelectrodes were inserted with stereotaxic manipulator either into the somatosensory forelimb or into the whisker barrel region. Local field potentials (LFP) were obtained applying low pass filter ( < 150 Hz) to the raw time series. Convolution analysis: The transfer function between the LFP and the BOLD signal was modeled by the gamma variate function. 6 The input function was defined as the average of the LFP series. Results: We studied the responses only in the middle (III-IV) cortical layer, from where the electrical activity was measured. The BOLD response and LFP activity for whisker stimulation were weaker than that for the forepaw stimulation. However their normalized values were correlated very well (r 2 was 0.86 and 0.99, respectively). Transfer functions were calculated for both areas. The precision of the simulation was adequate if the root mean square of the residual signal (i.e. difference between the modeled and measured signal) was smaller then the standard deviation of the measured signal (Forepaw: 0.2 versus 0.58, Whisker: 0.41 versus 1.36). Conclusion: Despite the similar characteristics of the transfer functions and the high correlation of the normalized signals, there is a marked hysteresis in the correlation of impulse response functions, which indicates caution in the CMR O2 calibration. This work was supported by grants from NIH (R01 MH-067528, R01 DC-003710, P30 NS-52519).
CBV changes after hematocrit correction. The BS signal intensity depends the scattering property of the brain tissue and the concentration of absorbers (i.e. oxy-and deoxyhemoglobins). Higher signal intensity means lower concentration of absorbers. If the wavelength of the applied laser light is an isosbestic point of the hemoglobin absorption curves, then only the number of the hemoglobin molecules can affect the BS intensity. Since oxygenation change doesn't influence the BS signal, it refers to the RBC volume which follows the change of the CBV. The instantaneous hematocrit (tube hematocrit) has to vary in the small vessels, because of the Fahraeus-effect, the discharge hematocrit seems to remain constant. Conclusion: These results suggest that CBV measurements from both blood compartments may be used to reflect dynamic changes in total CBV. Furthermore, by assuming steady-state mass balance and negligible counter flow, these results indicate that discharge (volume) hematocrit is not appreciably affected during functional activation. magnetic dipoles. Phantoms were constructed with a chitosan-ferric oxyhydroxide composite which serves as a mimic for hemosiderin. Results are in excellent agreement with theory, and serve as a 'proof of concept' of the quantification technique. The research is potentially a first step toward experimental or clinical quantification of puntate iron sources such as BMB marked by hemosiderin deposits.
Contribution of peripheral IL-1beta expression in the systemic reactivation of focal MOG-EAE lesions in rat brain
Objectives: Multiple sclerosis (MS) is a chronic inflammatory disorder associated with demyelination and axonal injury. Most MS patients display a relapsing-remitting form of disease in which bacterial and viral infections may play a key role. We have previously demonstrated that systemic endotoxin injection induced reactivation of inflammatory processes in focal MOG-EAE lesions. It has also been shown that systemic infection increases peripheral IL-1beta expression. Methods: Therefore, in this study, we have investigated the contribution of systemic IL-1beta in the reactivation of focal MOG-EAE lesions. Two groups of rats with dormant CNS lesions were challenged with an i.v. injection of adenovirus expressing IL-1beta cDNA (4 Â 10 10 plaque forming units). In addition, one of the groups was treated with a therapeutic dose of rrIFNbeta (5 Â 10 6 U/kg, intraperitonally). Results: We found a significant increase in the left/ right regional cerebral blood volume (rCBV) ratio (B2 fold) from 1 to 3 days after administration of adenovirus expressing IL-1beta cDNA, an effect that we have previously shown to be associated with new macrophages recruitment and increased myelin loss following systemic endotoxin challenge. Post-gadolinium-DTPA T1-weighted images revealed contrast enhancement in the ipsilateral meninges indicating breakdown of the blood-CSF barrier, probably caused by extravasations of leukocytes into the brain. To determine whether a commonly used therapeutic agent IFNbeta could combat this IL-1beta induced reactivation of an MS-like lesion, rats were treated with therapeutic doses of rrIFNbeta and showed marked amelioration of the increased rCBV ratio together with a reduction in the gadolinium enhancement in the ipsilateral meninges. Conclusion: These findings demonstrate the key role of peripheral IL-1beta expression in the mechanism of systemic reactivation of MS lesions and as the potential for therapy using IFNbeta. Objectives: Functional MRI studies with peripheral somatosensory stimulation or, in patients, execution of a task have provided important insights in rearrangement of ipsi-and contralesional functional brain fields during recovery from stroke. 1, 2 In this study we applied blood oxygenation level-dependent (BOLD) fMRI during direct intracortical stimulation (DICS) of the primary motor cortex (M1) in rats recovering from stroke. Our goal was to assess possible changes in excitability of ipsi-and contralateral sensorimotor network regions following DICS of contralesional M1 at different time points after experimental unilateral stroke. Methods: Stroke was induced by 90-mins transient intraluminal occlusion of the right middle cerebral artery (tMCAO) in adult male rats. MRI was conducted on a 4.7 T MR system at 3 days (n = 2) and 4 weeks (n = 2) after stroke. Nine rats served as controls. Animals were anesthetized with 1% to 2% isoflurane in air/O 2 (2:1) and paralyzed with pancuronium bromide during MRI to prevent head motion. MRI-compatible custom-made bipolar insulated gold electrodes were positioned in contralesional ( = left) M1. BOLD echo planar imaging was done in combination with a DICS paradigm 3 that involved 5 blocks of 3-secs periods of stimulation, followed by 60-secs rest. The BOLD signal intensity time series were coregistered to a T 2 -weighted rat brain template. Statistical activation maps were calculated using FEAT (www.fmrib.ox.ac.uk). Z-statistic images were thresholded at a Z-value of 2.3 (uncorrected, equal to a corrected P = 0.05).
Results: The Figure displays average fMRI activation maps of the different groups (Z = 2.3 to 25.5). Various cortical and subcortical sensorimotor areas ipsilateral to the stimulation site ( = left) showed significant BOLD activation after stimulation of M1 in healthy control animals. Contralateral to the stimulation site ( = right) M1, clear activation responses were evident in secondary motor cortex (M2), primary somatosensory cortex of the forelimb (S1fl) and caudate putamen. DICS-induced activation responses were decreased at 3 days after stroke in ipsilesional intact motor regions and contralesional subcortical areas. At 4 weeks after stroke activation was recovered in various ipsi-and contralesional sensorimotor regions.
Conclusions: This study demonstrates that fMRI during DICS allows assessment of central functional connectivity in rat brain. Our preliminary data in stroke rats point toward loss of ipsi-and contralesional activation at a subacute stage. At 4 weeks after tMCAO, when animals had recovered considerably, the activation pattern more clearly resembled the control situation, which is in agreement with previous fMRI data based on peripheral forelimb stimulation. 2 area estimated from the number of grids at each slice by thickness of slice.
To test the statistical characteristics of RS approach, a simulation study was carried out, by assuming simple numerical phantoms of known volumes. Accuracy of the estimated volume was evaluated as a function of the number of grids hitting the structure.
The same evaluation was made for a small physical phantom of 436 microL obtained using a clinical MRI (GE, Signa HD) scanner with a smallanimal dedicated coil. 2 T 1 W images (156 Â 156 Â 300 mm) were obtained with 3D fast-spoiled-gradientecho (FSPGR) sequence (TR/TE = 16/3.4 ms, FA301). 3 Agreement of estimated volume and the statistical uncertainty of RS approach were evaluated. Study was also carried out on 9 normal mice (weight; 18 to 32 g, age; 3.7 ± 1.2 months) and a transgenic (TG) mouse (2-months old male) of ventricular distension.
MRI images were obtained using the same scanner, with visualizing images at constant signal intensity. Results and discussion: Both numerical and physical phantom studies resulted in the volume estimates which agreed with the true value within errors < 5%, when the number of grids hitting the structure was > 20 points in a slice. The normal animal study demonstrated the CSF volume 3.6±1.2 mL in lateral ventricle (LV). This variation was attributed to the individual differences rather than the statistical errors. The TG mouse showed CSF volume of 24.6±1.2 mL in LV, in which the variation was beyond the range of statistical variation of RS. Conclusions: RS provides un-biased, expert knowledge-based assessment of volumetry in PET/MRI images. The practical procedures are minimal, and thus can be applied to a number of pathophysiological studies.
